Introduction
The methodological basis of intrusion of exogenous DNA into recipient cells in the laboratory is an experimental adaptation of the principle of horizontal gene transfer mediated by genetic transformation. Saccharomyces cerevisiae does not naturally take up DNA from its environment but can be made transformation competent by chemical and enzymatic treatment, or by electrical pulse [1] [2] [3] [4] [5] [6] [7] . The yeast transformation procedure is usually carried out in the presence of polyethylene glycol (PEG) after treatment of the cells with lithium acetate to render the cell permeable to plasmid DNA. In all cases yeast cells undergoing transformation must be actively growing. It was shown that the cell capacity to become competent reached a maximum between the early and mid log phase, disappearing rapidly from the mid log phase. Authors proposed that the DNA uptake system is induced in yeast cells only in the early log phase [7] . Since there are no conventional concepts as to the mechanism of DNA penetration, in many cases the selection of treatments and their combination are carried out empirically. The main purpose remains to impact transformation efficiency, which varies within wide limits and it may not always be properly registered for a quantitative comparison. Finally a high level of transformants has been improperly explained as an increase in transformation efficiency. According to a well known and widely used method proposed by Gietz et al. [3] , the increase in transformation efficiency was achieved after dilution of the night growing yeast culture and allowing the cells to grow and complete at least two generations. Such recultivation of night growing cells increased the transformation efficiency up to 1.2 x 10 6 per mg of vector DNA. However, no explanation of the effect was proposed.
In our experiments we noticed that the transformation efficiency of yeast S. cerevisiae cells growing exponentially not only varied among experiments, but also might be characterised as being undulatory, with a maximum and minimum occurring over time within one experiment. In the present study, we have attempted to investigate the reason for this phenomenon. Our results allowed us to suggest the existence of a population of budded yeast cells in the exponentially growing culture with a heightened perception to exogenous DNA.
We demonstrated that the fluctuation in transformation efficiency was strictly dependent on the metabolic state of yeast cells and the capacity to become competent was related to the S-phase of the cell cycle. We suggest that the reason for enhanced transformation efficiency may be related to the properties of budded cells and the changes in the transformation efficiency may be caused by the increase in density of growing yeast culture and by the cell properties in the S-phase of cell cycle.
Experimental Procedures

Strain and plasmid
The Saccharomyces cerevisiae strain p63-DC5 (MATa, ade1, leu2 -3, leu2-112, his3-11, his3-15) was used in this study. The plasmid pL3 (7.7 kb, multicopy, containing the bacterial plasmid pBR327 sequences, yeast gene LEU2 and a part of yeast 2 mm plasmid) was employed in this study.
Transformation procedure
A basic protocol for yeast transformation assays was used according to Gietz et al. , only the carrier DNA was not used [3] . Yeast cells grown in complete YEPD medium at 30°C for 16 h were diluted (recultivated) in fresh YEPD medium to obtain an initial optical density of about 0.14, and then incubated further under the same conditions. In the early exponential growth phase (A 600 = 0.2-0.3) cells were collected, washed once with TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0), and then suspended in TE buffer to reach the cell concentration of 2 x 10 8 /ml. The yeast cells were incubated with 0.1M Li acetate for 30 min at 30ºC. Solid agar medium YNB (0.7% yeast nitrogen base, Difco, USA) for selection of LEU + yeast transformants was supplemented with 10 mg/ ml of histidine and 50 mg/ml of adenine. Transformation efficiency was defined as the number of transformants per 10 mg of plasmid DNA. Viability of cells was calculated by plating aliquots of a suitable dilution of the cell suspension on YEPD agar plates.
Synchronisation procedure
Yeast cells were grown overnight in complete YEPD medium at 30 o C to the early exponential growth phase. In order to arrest yeast culture in the S-phase, 10 mM hydroxyurea (Fluka, Switzerland) was added [8] . After incubation (2.5 h) at 30ºC the cells were harvested by centrifugation at 3000 g for 5 min at room temperature and washed with TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) two times for recovery. Yeast culture in the S-phase was used for transformation, following procedure by Ito et al. (the recultivation was not used) [4] .
Tetraphenilphosphonium accumulation measurements
The preparation of yeast culture in the S-phase for the measurement of TPP + accumulation was as follows. The samples of synchronous and asynchronous culture were concentrated 200 times in TE buffer (100 mM Tris-HCl, 10 mM EDTA, pH 7.8). TPPBr was added to the final concentration of 3.10 -7 M. After the following incubation at 30ºC yeast cells were precipitated and supernatant was used for measuring the residual TPP + concentration [9] . 200 ml of the supernatant was added to 400 ml of the TE buffer (with 3 .
10
-7 M TPPBr) where TPP + selective combination electrode was immersed. The potential drift of electrode was estimated with ion meter Hanna pH213 and the absorbed quantity of TPP + were calculated. The protein concentration was determined by Lowry method [10] . The data points in Figure 3 and text are expressed as the mean of three experiments ± SE.
Statistical analysis
Statistical significance of differences between the values was determined using Student's t test. A mean ± SD was calculated for all experiments. Value having P<0.05 were considered as significant. All calculations were performed using the program Microsoft Excel.
Results and Discussion
The ability of intact cells of S. cerevisiae p63-DC5 to take up the plasmid DNA (pl13) in the presence of PEG4000 was investigated according to protocol by Geitz and Woods [3] , where the carrier DNA was not used.
We have observed significant changes in the efficiency of transformation during exponential growth of yeast S. cerevisiae, particularly when the night growing culture was recultivated. The efficiency of the process in separate experiments varied from minimal to maximal changes up to the complete absence of transformants in some samples, taken for transformation from the growing culture at intervals of 20 min. The transformation efficiency in samples selected at different intervals of growing culture is presented in Figure 1 . As seen, the transformation efficiency ranges from 1.0-2.0 x 10 2 to 1.2-1.5 x 10 4 / 10 mg of plasmid DNA. Considerable changes of the transformation efficiency during the growth of the synchronised culture indicate the dependence on certain changes in the phases of cell cycle. The phenomenon may be characterized as being undulatory: the maximum of transformation efficiency was achieved at the end of both the first and the second cycle, as registered by the increase of the optical density of the suspension, while the minimum was observed before those cycles. Results also correspond to the characteristics of the first cycle measured by the direct cell count. However, the second cycle could be measured more distinctly only by an optical method than by the direct cell count. Indeed, in our experiments presented above the synchronization index was about 60% only for the first increase in the optical density of growing culture.
The results showed that the transformation efficiency of yeast S. cerevisiae reached a maximum when budded cells dominated the growing culture. Cell form was observed morphologically under the light microscope and greater than 200 cells were counted.
Our results presented above are in good agreement with data obtained by Gietz et al. [3] . We consider that the dilution of night growing yeast culture could induce slight cell synchronization and it may be the reason for more effective transformation process. We indicated that the efficiency of transformation depends on the morphological state of recipient cells.
To study in detail this phenomenon, the yeast culture was synchronised by adding hydroxyurea to the S-phase, when budded cells were dominating in growing culture. Earlier we have shown that cells in the S-phase were more susceptible to exogenous DNA than the cells in the M-phase [11] . In the present study the number of transformants obtained with yeast cells in the S-phase was higher than those with asynchronous culture and reached up to 1.5x10 5 transformants per 10 mg DNA (313% as compared with the control, Figure 2) . Extended experiments showed that S. cerevisiae DC5-p23 cells in the S-phase could be transformed with plasmid pl13 in the absence of lithium acetate (Figure 2) . The transformation efficiency was high enough and reached 4.2x10 4 transformed cells/10 mg DNA. Although the transformation efficiency of synchronous cells exposed to lithium acetate treatment was much higher, in untreated synchronised S-phase cells it can be compared with the transformation efficiency of cells obtained by Geitz et al. [3] . The possibility of transforming S. cerevisiae cells in the early logarithmic growth phase in the presence of only polyethylene glycol was shown by Murata et al. [7] .
The results showed that the phenomenon of high transformation efficiency is not a simple function of the cell growth but is dependent on the cell cycle. The relation between cell cycle and some cell functions is well-known [12] [13] [14] . Caiafa et al. [12] showed the high activity of gene expression when S-phase synchronised L929 mouse fibroblast cells were used for transfection and the presence of specific proteins or enzymes expressed in cell wall specifically at particular phases of the cell cycle.
The results presented propose that the observed phenomenon is related to the cell wall properties of yeast in the S-phase of cell cycle. During a cell cycle, the cell wall became more plastic in the point of bud emergence where the growth takes place. In this regard, it has been revealed that the cell wall of S. cerevisiae exhibits variations in porosity during growth and cell division. Maximum porosity is observed during the bud growth where the wall is in a more plastic, expanded state as compared with stationary phase cells.
The changes in the morphogenetic process and the integrity of the cell wall complex occurring in the S-phase may affect permeability of yeast cells so that nucleic acids could penetrate it.
Permeability properties of the yeast cells were estimated by measuring the accumulation of the tetraphenylphosphonium ions [9, 15, 16] . Lipophilic cations, such TPP or fluorescent lipophilic dyes are frequently used as probes for the estimation of membrane potential (Dy) of prokaryotic and eukaryotic cells, organelles and vesicles. The differences in uptake rate of these lipophilic ions reflects a number of morphological dissimilarities (structure, and/or thickness of cell wall) [17] . In intact S. cerevisiae cells, lipophilic cations do not distribute to equilibrium with plasma membrane voltage, at least within intervals of a few minutes that was usually observed in the wall-less cells. To reach the steady-state for some yeast strains it needs from 15 to 120 minutes [15, 16] .
As shown in Figure 3 , cells in the S-phase of cell cycle were characterised as more permeable and accumulating many more TPP cations than asynchronous ones. According to our results the most significant differences in TPP permeability were detected after the first 10 minutes of incubation. The efficiency of transformation of yeast cells in the S-phase seems to be comparable with the efficiency of genetic transformation of Bacillus subtilis in the state of competence [18] . The development of competence and expression of the uptake machinery is well known phenomenon in bacteria [18] [19] [20] [21] . The best characterised naturally transformable bacteria are the Gram-negative species Haemophillus influenza [20] , and the Grampositive B. subtilis and Streptococcus pneumoniae [18, 19] . However, only a minor subpopulation (never exceeding 20%) of bacterial cells in a growing culture acquires competence.
The issue of competence for uptake of exogenous DNA in yeast cells is not discussed on the same level as in bacterial cells. The possibility to develop natural competence was proposed by Nevoigt et al. [22] for S. cerevisiae cells. In this case the genetic transformation could be achieved only artifically under starvation conditions when 1 M glucose and 1 M fructose were used, furthermore, a much higher concentration of DNA was needed. Growth phase-dependent incorporation of plasmid DNA was commonly observed and showed to exist among different strains of S. cerevisiae [7] . The data indicate the state of the exponential growing yeast cells, which can be named "natural competence". These and our results suggest that "natural competence" is widespread not only between bacterial species but also in eukaryotic yeast cells too. However, these assumptions require more intense investigations.
Thus, the results of our study showed that the fluctuation in transformation efficiency was strictly dependent on the metabolic state. The capacity for heightened uptake to exogenous DNA was associated with the S-phase of cell cycle when budded cells dominate in growing culture and changes in cell wall structure occur. We therefore suggest that the proportion of cells present in different phases at the time of transformation should be taken into consideration as an important experimental parameter.
